The objective of this study has been to follow modifications in the content of Cu, Zn and Mn in the topmost layer of soil which had been fertilized for many years with farmyard manure and mineral fertilizers or with mineral fertilizers alone. Soil samples were collected in 2002-2005 from a trial established in 1986 on proper brown podsolic soil, according to the random block design with four replication. The first factor consisted of organic fertilization (manure applied every two years or without manure). The second factor involved different rates of mineral fertilization. Rates of nutrients in the mineral fertilizers were identical in both experimental series -with or without manure. In each year, the same crop was grown on both fields, in a crop rotation system: sugar beet (2002), spring barley (2003), maize (2004) and spring wheat (2005). Plant available forms of nutrients were extracted from soil in 1 mol HCl dm -3 solution. After extraction, the content of metals was determined by atomic absorption spectrophotometry. The results underwent statistical processing using analysis of variance for a two-factor experiment.
INTRODUCTION
Micronutrients play highly important biochemical roles in plant organisms, therefore it is essential to consider them when planning fertilization (SPIAK 2000) . Many authors claim that good supply of plants with trace elements can only occur when fertilization is managed properly (MAZUR, MAZUR 2004 , RUTKOWSKA et al. 2009 ). On the other hand, excessive amounts of trace elements in soil can lead to their excessive uptake by plants (MCBRIDE et al. 2004 , RATTAN et al. 2005 , DIATTA 2008 . In view of the above considerations, it seems recommendable that trace metals in soils should be monitored because of the consequences of excess metals for agriculture (quality and quantity of yields) and environment.
The purpose of this study has been to follow the effect of mineral fertilizers and manure on the content of plant available forms of Cu, Zn and Mn in soil.
MATERIAL AND METHODS
A two-factor experiment was set up in 1986 according to the random block design with four replications on proper brown podsolic soil originating from light loam (this paper contains the results obtained from 2002 to 2005). The first-order factor included manure fertilization and the second-order factor comprised differentiated mineral fertilization (Table 1) . In each year, the same crop was tested on both fields (with and without manure) in the following rotation: sugar beet, spring barley, maize, spring wheat. Manure (40 t ha -1 ) was used under sugar beet and maize, while liming was applied under sugar beet. Soil samples for chemical analyses were collected from the arable horizon (0-25 cm) after harvest. Extraction of available forms of Cu, Zn and Mn was conducted using 1 mol HCl dm -3 . Afterwards, the ASA method was applied for determinations of the metals. The results were processed statistically (Statistica software).
RESULTS AND DISCUSSION
In the rotation system with manure, the content of Cu in soil ranged from 1.932 to 2.299 mg kg -1 , and in the system with mineral fertilization alone it varied from 1.151 to 1.437 mg kg -1 (Table 2) . These data prove univocally that manure has a considerable effect on the content of available copper in soil. MAZUR and MAZUR (2004) as well as RUTKOWSKA et al. (2009) demonstrated empirically that copper availability improved significantly after manure was added to soil. Differentiated mineral fertilization did not have such a strong effect as manure on modifications in the content of plant available copper in soil. The most severe reduction in Cu availability appeared when the highest dose of potassium has been introduced to soil. Nitrogen in the treatment with manure raised the abundance of available copper in soil. In turn, when mineral fertilization was not supplemented with manure, the highest N dose reduced the availability of Cu in soil. This may have been caused by its increased uptake by crops. It is also worth noticing that liming did not limit the availability of Cu. What is more, when mineral fertilization was applied exclusively, this treatment led to a significant increase in the abundance of plant available copper in soil. Such varied influence of liming has also been reported by GONDEK (1999) , SZULC et al. (2007 ) or RUTKOWSKA et al. (2009 .
The content of available zinc in soil was evidently higher than that of copper (Table 3) . By analogy to Cu, the abundance of available Zn rose significantly following long-term manure fertilization.
The lowest concentration of available Zn appeared in limed soil, which was certainly caused by the increased soil reaction. Similar results can be found in other reports (FILIPEK-MAZUR, GONDEK 1999 , RUTKOWSKA et al. 2009 ). Nitrogen improved mobility of zinc by acidifying soil. This tendency appeared most clearly in soil amended with manure. In soil receiving only mineral fertilization, the highest rate of nitrogen limited the abundance of soil in available zinc. Manure applied every two years considerably increased the content of available magnesium in soil, on average to over 52 mg kg -1 , i.e. by over 33% (Table 4 ). The content of Mn increased as the rate of nitrogen in the treatments with manure rose. This relationship was somewhat different in the rotation system including manure. There, the lowest four-year nitro- gen dose (190 kg N ha -1 ) only slightly decreased the content of Mn, but when the average dose was applied (380 kg N ha -1 ), the content of Mn increased. Further increase in the amount of N in mineral fertilizers (from 570 kg N ha -1 over four years) resulted in depressed availability of magnesium, down to the level comparable to the one in the control soil. On the one hand, nitrogen may have made the soil more acidic, thus increasing the amount of manganese which was reduced to Mn 2+ . On the other hand, however, increased solubility of manganese could have improved its uptake by plants and, possibly, raised the loss of this element caused by leaching, which could explain the relationships found in samples of soil receiving only mineral fertilization. Potassium only very slightly modified the content of Mn in soil. In turn, magnesium and calcium depressed the accumulation of available forms of manganese in soil. Both Mg and Ca are alkaline cations, which act contrary to nitrogen. Moreover, there may have been ionic antagonisms between Mg 2+ and Ca 2+ versus Mn 2+ .
The elements discussed in this paper are usually present in soil in small amounts, and are available to plants as bivalent cations, which is the form that plants can assimilate. Thus, it might be expected that they will be antagonistic to one another. However, no such dependenced were verified by our results (Figures 1,2,3 ). The computations (regression and correlation calculations) have shown that an increase in the content of one of the metals in soil did not depress the amounts of the available forms of another metal. On the contrary, it is highly probable that changes in amounts of Cu, Zn and Mn followed the same direction. The monitoring of the concentrations of available forms of Cu, Zn and Mn in soil is very important for two reasons. Firstly, these metals are essential for life of all living organisms, and plants must be sufficiently supplied (SPIAK 2000) . Secondly, their excessive levels in soil poses a threat that plants and animals could be intoxicated (MCBRIDE et al. 2004 , RATTAN et al. 2005 , DIATTA 2008 ). The amounts of copper, zinc and manganese in soil determined in this study do not pose an ecological threat, as they range from low (Cu) to moderate (Zn and Mn) abundance. It can be hypothesised that under long-term mineral fertilization, plant may experience deficits of available copper and even regular application of FYM does not guarantee moderate abundance of soil in this element. BOWSZYS et al (2007) , who investigated composted municipal waste used for fertilization, concluded that in the second year of the application of such fertilizers, zinc and magnesium in soil fell down significantly. It is worth noticing that metal elements, even when excessively accumulated in soil, do not necessarily cause their excessive accumulation in plants as organic matter strongly inhibits their uptake by plants (SAHA et al. 1999) , and farmyard manure is as example of organic substance. According to GONDEK (2003) , the highest differences in the content of soluble forms of trace metals are found immediately after fertilization treatments, but fertilization does not evoke their excessive mobilization. In turn, SZULC et al. (2007) found out that the concentration of available forms of Cu, Zn and Mn in soil rose under the influence of exclusive mineral fertilization, whereas manure contributed to a decrease in their soil content. In the present experiment, manure produced a stronger influence on increasing abundance of soil in Cu, Zn and Mn than mineral fertilizers, the finding that is supported by the report of MAZUR and MAZUR (2004) . Nitrogen, which encourages soil acidification, can cause increased solubility of metals and their translocation to plants (DE HANN 1981) . This study has demonstrated a slightly elevated content of available forms of Cu, Zn and Mn in soil under the influence of fertilization with higher nitrogen rates. However, this increase was not significant and did not create a risk of excessive uptake of the metals by plants. 
